Background: Systematic reviews are often advocated as the best source of evidence to guide clinical decisions and health care policy, yet we know little about the extent to which they require updating.
S
ystematic reviews have become increasingly common in recent years (1) and are recommended by many as the best sources of evidence to guide both clinical decisions (2) and health care policy (3) . For systematic reviews to fulfill these roles, their findings must remain relatively stable for at least several years or effective mechanisms must exist for alerting end users to important changes in evidence. Yet, surprisingly little research has assessed the extent to which systematic reviews become out of date or the rate at which this occurs (4 -7) . Some organizations, such as the Cochrane Collaboration, recommend updating systematic reviews every 2 years, but few empirical data guide this or other recommendations about updating.
We sought to determine how quickly systematic reviews meet explicitly defined criteria for changes in evidence of sufficient importance to warrant updating. We also sought to identify predictors of "survival time," the time to such important changes in evidence. Survival time might vary depending on many factors, including the type of question posed by the original review (for example, therapeutic or diagnostic), the types of studies included (for example, randomized trials or observational studies), and whether the systematic review provided quantitative synthesis. To limit such variation, we focused on systematic reviews of randomized, controlled trials that evaluated therapeutic benefit or harm by providing quantitative synthesis (meta-analysis) for at least 1 outcome.
METHODS

Study Design and Sample
We used a quasi-random process (alphabetical sort order by author) to select 100 systematic reviews that were indexed in ACP Journal Club with an accompanying commentary between January 1995 and December 2005 (with a search date no later than 31 December 2004 to ensure at least 1 full year for new evidence to appear). We chose this sampling frame because ACP Journal Club selects systematic reviews that meet explicit quality standards and are deemed directly relevant to clinical practice (8) . We regarded the sample size of 100 as sufficiently large to achieve suitably narrow confidence intervals and to permit evaluation of up to 5 potential predictors of survival. procedure or surgery) and included randomized or quasirandomized, controlled trials. We excluded evaluations of alternative and complementary medicines because the stability of reviews of such therapies might differ substantially from reviews of conventional therapies.
We required that reviews provide a point estimate and 95% confidence interval for at least 1 outcome in the form of a relative risk, odds ratio, or absolute risk difference for binary outcomes and weighted mean differences for continuous outcomes. We excluded meta-analyses of individualpatient data, meta-regressions, and indirect meta-analyses because of the difficulty of determining whether new data would alter previous quantitative results. Two team members independently assessed eligibility, with disagreements resolved by consensus involving a third reviewer. When more than 1 review on the same topic was identified, only the earliest was included.
Searching
For each review, searches for new trials included identifying new systematic reviews on the same topic, submitting relevant content terms to the Clinical Queries function in Ovid, applying the Related Articles function in PubMed to the 3 largest and the 3 most recent trials in the original review (up to 6 trials in total), and using Scopus (www.scopus.com/scopus/home.url) to identify new randomized trials that cited the original review. When these search strategies yielded no eligible new trials, we conducted more comprehensive electronic searches and reviewed relevant chapters in such sources as Clinical Evidence and UpToDate to ensure that we had not missed new trials.
Team members who had backgrounds in both medicine and clinical research screened citations retrieved by the preceding methods to identify trials that would have met the inclusion criteria in the original review. Retrieved articles were screened in chronological order to ascertain quantitative or qualitative signals for the need for updating. The review protocol stopped when any criteria for updating were met. Each systematic review was discussed in detail, with the final status-signal for updating was or was not detected-adjudicated by consensus (Figure 1) .
Signals for the Need to Update Systematic Reviews
In designing criteria for comparing new findings with those in a previous review, we adapted methods used by other investigators to address similar problems with comparing 2 sets of results relating to the same question (9 -13) , such as randomized and nonrandomized studies of the same intervention. These investigators identified conflicting findings among different publications using a combination of quantitative thresholds for differences in effect magnitude and qualitative judgments about the language used to describe the results. We have similarly conceptualized quantitative and qualitative signals of potential changes in evidence that are sufficiently important to warrant updating previous systematic reviews.
Quantitative Signals
Quantitative signals consisted of a change in statistical significance or relative change in effect magnitude of at least 50%. We restricted these changes to those involving 1 of the primary outcomes of the original review or any mortality outcome. We also ignored trivial changes in statistical significance-when the original and updated meta-analytic results both had P values between 0.04 and 0.06 -so that quantitative signals of changes in evidence would represent robust indicators of the need to update previous reviews. Quantitative signals were detected by combining data from eligible new trials with the previous results using a fixedeffects approach. Use of fixed-effect models allowed pooling of the new trials with the previous meta-analytic result, as opposed to having to obtain original data from all of the included trials in each of 100 systematic reviews. Although random-effects models are usually preferred to avoid spurious precision in the face of heterogeneity, our goal was to detect potential changes in evidence that would warrant a formal update, not produce exact estimates of the updated results.
Qualitative Signals
Qualitative signals included new information about harm sufficient to affect clinical decision making, important caveats to the original results, emergence of a superior alternate therapy, and important changes in certainty or direction of effect. Qualitative signals were detected by using explicit criteria for comparing the language in the original review with descriptions of findings in new systematic reviews that addressed the same topic, pivotal trials, clinical practice guidelines, or recent editions of major textbooks (for example, UpToDate). Pivotal trials were defined as tri-
Context
Clinicians rely on systematic reviews for current, evidencebased information.
Contribution
This survival analysis of 100 meta-analyses indexed in ACP Journal Club from 1995 to 2005 found that new evidence that substantively changed conclusions about the effectiveness or harms of therapies arose frequently and within relatively short time periods. The median survival time without substantive new evidence for the meta-analyses was 5.5 years. Significant new evidence was already available for 7% of the reviews at the time of publication and became available for 23% within 2 years.
Implication
Clinically important evidence that alters conclusions about the effectiveness and harms of treatments can accumulate rapidly.
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als that had a sample size at least 3 times larger than that of the previous largest trial or were published in 1 of the 5 highest-impact general medical journals (The New England Journal of Medicine, Lancet, Journal of the American Medical Association, Annals of Internal Medicine, and the British Medical Journal ).
We defined 2 levels of importance for qualitative signals: "potentially invalidating changes in evidence," which would make one no longer want clinicians or policymakers to base decisions on the original findings (such as a pivotal trial that characterized treatment effectiveness in terms opposite of those in the original systematic review), and "major changes in evidence," which would affect clinical decision making in important ways without invalidating the previous results (such as the identification of patient populations for whom treatment is more or less beneficial). Major changes also included differing characterizations of effectiveness that were less extreme than those for potentially invalidating signals but that would still affect clinical decision making (for example, a change from "possibly beneficial" to "definitely beneficial"). Of importance, such characterizations as "possibly effective," "probably effective," and "promising," were all categorized as "possibly effective." Thus, qualitative signals for changes in evidence captured substantive differences in the characterization of treatment effects, not merely semantic differences. Full definitions for each of the specific signals can be found at www.ohri.ca/UpdatingSystRevs.
Data Collection
For each review, we characterized the clinical content area, eligibility criteria for included trials, definitions of reported outcomes, number of included trials and participants, meta-analytic result for each outcome, identification of statistical heterogeneity, and excerpted quotations of the authors' characterizations of the main results. We also abstracted whether a given outcome was explicitly identified as 1 of the "primary" or "main" outcomes. We discounted identification of more than 3 such outcomes as inconsistent with the concept of a primary outcome.
Survival Analysis
For each systematic review, we defined "birth" as publication date and "death" as the occurrence of a qualitative or quantitative signal for updating. Observations were censored on 1 September 2006, the midpoint of the 4-month period during which searches were done for the entire cohort.
We fit nonparametric Kaplan-Meier curves and used multivariable Cox proportional hazards models to examine the association between survival and various features of the systematic reviews, including clinical content area, number of included trials, identification of heterogeneity, and "activity in the field"-defined as present if the review included at least 1 trial published within the last year of its search period or if the review identified ongoing trials eligible for inclusion. We also assessed a potential predictor known only by reviewing the literature published after publication of the original review: the magnitude of the increase in the number of eligible new trials. In addition to the proportional hazards analysis to estimate predictors of survival, we used logistic regression to identify predictors of survival for less than 2 years. All analyses were done with SAS, version 9.0 (SAS Institute, Cary, North Carolina). Includes the search protocols to identify candidate new trials, application of criteria from the original review to identify eligible new trials, metaanalytic pooling of new results with previous meta-analytic results, and identification of new systematic reviews on the same topic or "pivotal trials" (published in 1 of the 5 highest-impact general medical journals or more than 3 times the sample size of the previous largest trial) that met any of our criteria for qualitative signals for updating. An individual reviewer reached a tentative conclusion about the presence of quantitative and qualitative signals for updating, but each review was discussed in detail by the project team to reach a final consensus decision. For reviews that did not have any signals for updating, the group also decided whether the searches had been adequate or whether more comprehensive searching for new trials might be required, including more detailed electronic searching and hand-searching of ACP Journal Club for new trials relevant to the original review.
Role of the Funding Source
This work was done under contract with the Agency for Healthcare Research and Quality. The funding source did not have a role in the study design; data collection, analysis, or interpretation; or the decision to submit the manuscript for publication.
RESULTS
A search of the Ovid database for ACP Journal Club retrieved 651 potential systematic reviews. Achieving the target cohort size of 100 reviews necessitated that we screen the first 325 of these records (Appendix Figure 1 , available at www.annals.org).
Each of the 100 systematic reviews included a median of 13 studies (interquartile range, 8 to 21) and 2663 participants (interquartile range, 1281 to 8371) ( Table 1) . Most reviews evaluated drug therapies; the most common clinical content area was cardiovascular medicine ( Table  1) . We were able to identify at least 1 new eligible trial for 85 systematic reviews, with a median of 4 new trials (interquartile range, 1 to 7) and 1160 patients (interquartile range, 170 to 3689) per review.
Signals for Updating
A quantitative signal for updating occurred for 20 of the 100 systematic reviews. Qualitative signals occurred for 54 reviews, including 8 that met criteria for potentially invalidating changes in evidence. Qualitative signals were derived from new systematic reviews in 23 cases and from pivotal trials in 25 cases. The primary event of interest, a quantitative or qualitative signal for updating, occurred for 57% of reviews (95% CI, 47% to 67%) in the cohort.
Table 2 (9 -22) presents examples of signals for updating. The 3 reviews (9, 11, 13) that had a qualitative signal for "opposing findings" are self-explanatory. For example, in the first case, the original review reported that "for every 20 critically ill patients treated with albumin there is one additional death" (9) . A subsequent trial (10) with almost 5 times the sample size of previous trials combined showed no such increase. Of the 2 reviews with important differences in characterization short of "opposing findings," 1 of them borders on opposing findings (15) . For the prevention of stroke in high-risk patients, the original review (15) mentioned that the addition of dipyridamole to aspirin was associated with a nonsignificant 6% reduction in serious vascular events, but it concluded that the "addition of dipyridamole to aspirin produced no significant further reduction in vascular events compared with aspirin alone." Consistent with our efforts to avoid overcalling changes in evidence, we characterized the original review as consistent with "possible benefit." Thus, the change from this characterization to the definite benefit reported in a subsequent large trial (16) fell short of opposing (and potentially invalidating) the previous findings but still met our criteria for a major change in the characterization of effectiveness. All 3 examples of reviews with qualitative signals for "opposing findings" and the 2 examples of reviews with important differences in characterization short of "opposing findings" also generated at least 1 quantitative signal. Table 2 also shows an example of a clinically significant caveat (lack of sustained benefit reported from allergen immunotherapy for asthma) (20) and an example of expansion of evidence to a new patient population (secondary prevention for patients with recent stroke) (22) . Some may not consider expansion of benefit for statins from the indications established in the original review (21) to secondary prevention in patients with recent stroke as a major change in evidence. However, as emphasized in the new trial itself (22) , the editorial that accompanied it (23) , and the commentary in ACP Journal Club (24) , this trial was the first to evaluate the effects of statins on patients who had cerebrovascular disease but not known coronary artery disease. The commentaries also characterized this trial as providing evidence for the increasingly widespread practice of adding statins to the standard treatment for patients with acute stroke, recommendations that had previously been derived from analogies with the treatment for cardiac ischemia. Thus, we regarded this new trial as meeting our criterion of expanding the evidence from the original review in a manner that would be expected to affect practice. More detailed explanations and additional examples of signals for updating can be found at www.ohri .ca/UpdatingSystRevs. 
Survival Analysis
Median survival free of a signal for updating was 5.5 years (CI, 4.6 to 7.6 years) (Figure 2) . For the 57 reviews with signals for updating, median time to event was 3.0 years (interquartile range, 0.9 to 5.1 years). However, a signal for updating occurred within 2 years for 23% of reviews (CI, 15% to 33%) and within 1 year for 15% (CI, 9% to 24%). For 7% of reviews (CI, 3% to 14%), a signal had already occurred at the time of publication. Even with restriction only to quantitative signals or "potentially invalidated changes in evidence," signals for updating occurred within 2 years for 15% of reviews. Restricting the analysis solely to quantitative signals, 12% of reviews had signals for updating within 2 years and 7% within 1 year, including 4 reviews for which the quantitative signal had already occurred at publication.
In univariate analyses ( Figure 2 , available at www.annals.org) and an increase in the total number of patients by a factor of 2 or more (hazard ratio, 1.79 [CI, 1.03 to 3.10]) (Appendix Figure 3 , available at www.annals.org). Multivariate analysis produced 3 noteworthy changes to these results: heterogeneity in the original review became a statistically significantly predictor for a signal for updating (hazard ratio, 2.15 [CI, 1.12 to 4.11]), an increase in the total number of patients by a factor of 2 or more lost statistical significance as a predictor, and including more than the median of 13 trials became a borderline statistically significant predictor of increased survival (hazard ratio, 0.56 [CI, 0.30 to 1.03]; P ϭ 0.06).
The 5 variables shown in Table 3 represent those we had considered a priori as the most plausible potential predictors. Other potential predictors that were tested in secondary analyses included the source of the systematic review (Cochrane vs. non-Cochrane), number of participants greater than the median of 2663, detection or suspicion of publication bias in the original review, and several variables related to increases in the number of trials or participants in the literature since the original review. None of these features statistically significantly predicted signals for updating.
Prediction of Signals for Updating within 2 Years of Publication
No variable statistically significantly predicted a signal for updating within 2 years. However, cardiovascular topics showed a nonsignificant increase in the odds of a signal for updating within 2 years (odds ratio, 2.67 [CI, 0.88 to 8.10] P ϭ 0.08), as did an increase in the total number of patients by a factor of 2 or more (odds ratio, 2.29 [CI, 0.84 to 6.25]; P ϭ 0.11). Sensitivity analyses involving different time frames, such as occurrence of a signal within 3 years, yielded similar results.
Effect of Production and Publication Times on Survival
The median time between the end of the search period and the publication date for a systematic review was 1.1 years (interquartile range, 0.8 to 1.7 years). Time to publication did not differ substantially between Cochrane and journal reviews, nor did it decrease statistically significantly from 1995 to 2005.
When survival analyses were repeated by using the end of the search period as "birth," median survival was 6.9 years (CI, 6.1 to 9.0 years). A signal for updating occurred within 3 years of the search for 20% of reviews (CI, 13% to 29%), within 2 years for 11% (CI, 6% to 19%), and within 1 year for 4% (CI, 1% to 11%). Predictors of survival did not differ from those identified in the analysis that used publication date as "birth."
DISCUSSION
In a cohort of high-quality systematic reviews directly relevant to clinical practice, median survival was 5.5 years. However, signals for updating occurred within 2 years for 23% of reviews, within 1 year for 15%, and before publication for 7%. We found several statistically significant predictors of signals for updating, but no features predicted which reviews would require attention within 2 years.
Our results indicated a far greater need for updating than the only other such evaluation, a comparison of Cochrane reviews from 1998 with their updates in 2002 that reported important changes in conclusions in just 9% of reviews (4) . Of importance, that study relied exclusively on interpretations of new evidence by authors of the original review, who might be disinclined to find new evidence or report important changes. Also, only 70% of Cochrane reviews had updates. It is possible that reviewers were less likely to update large increases in the number of new trials or major changes in conclusions given the greater work involved. Finally, Cochrane reviews differ in important respects, such as clinical topic coverage, from other peerreviewed systematic reviews (25) .
We restricted our cohort to systematic reviews of randomized trials of conventional drugs, devices, or procedures that reported meta-analytic results for at least 1 dichotomous outcome. Our exclusion of qualitative reviews, reviews of nontherapeutic topics, meta-analyses of individualpatient data, and meta-regressions reflected our concern that rates of change in evidence might differ across these different types of reviews. Thus, we acknowledge that our results may not generalize to all reviews. That said, as shown in Appendix Figure 1 (available at www.annals .org), excluding the records retrieved by our initial electronic search that were not systematic reviews, 139 of the first 287 systematic reviews (48%) were eligible for inclusion. Thus, although our cohort may seem highly selected, approximately half of the reviews indexed in ACP Journal Club were eligible for inclusion in our cohort. Granted, ACP Journal Club itself represents a nonrandom sample of Original review reported a definite reduction in preeclampsia and development of hypertension. Trial published in high-impact journal and having almost double the sample size of previous trials combined found no statistically significant improvement in either outcome and concluded that "calcium supplementation during pregnancy did not prevent preeclampsia, pregnancyassociated hypertension, or adverse perinatal outcomes (12 Original review found that metformin statistically significantly increased achievement of ovulation in the comparison of metformin with placebo and metformin plus clomiphene vs. clomiphene alone, as well as statistically significantly increased pregnancy rates. The authors concluded that "its choice as a first line agent seems justified." Trial published in high-impact journal with sample size more than twice that of previous largest trial showed no such benefits and concluded that "metformin is not an effective addition to clomifene citrate as the primary method of inducing ovulation in women with polycystic ovary syndrome (14 Original review stated that "the addition of dipyridamole to aspirin was associated with only a nonsignificant further 6% reduction in serious vascular events." It highlighted that "the apparent reduction in non-fatal stroke was derived mainly from one large study" and "this result was not supported by the findings for non-fatal stroke in the other studies." It concluded that the "addition of dipyridamole to aspirin produced no significant further reduction in vascular events compared with aspirin alone." A trial published in a high-impact journal that was larger than the previous largest study reported an absolute risk reduction in the primary outcome (a composite of death from all vascular causes, nonfatal stroke, nonfatal myocardial infarction, or major bleeding complication, whichever happened first) of 1.0% per year (CI, 0.1%-1.8%). The authors concluded that "[these] results, combined with the results of previous trials, provide sufficient evidence to prefer the combination regimen of aspirin plus dipyridamole over aspirin alone as antithrombotic therapy after cerebral ischaemia of arterial origin (16) ."
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www.annals.orgall systematic reviews insofar as it selects reviews that meet certain quality standards and have high potential to affect clinical practice. However, these biases strengthen our results because such reviews represent those one would hope to have the greatest stability.
The main limitation of our findings is that the assessments of the need to update previous reviews did not involve input from experts in the relevant content areas. However, our approach of having investigators apply explicit qualitative and quantitative criteria to compare 2 sets Original review concluded that Љrandomized, controlled trials suggest that in hyperlipidemic patients who have not previously had stroke, HMGcoA reductase inhibitors reduce the incidence of stroke.Љ This review included patients with and without previous coronary artery disease but excluded those with previous stroke because of heterogeneity. Thus, for patients who had had stroke, the benefit of statins remained unclear. A large trial published in a high-impact journal showed that "in patients with recent stroke or TIA [transient ischemic attack] and without known coronary heart disease, 80 mg of atorvastatin per day reduced the overall incidence of strokes and of cardiovascular events, despite a small increase in the incidence of hemorrhagic stroke (22) ."
of results addressing the same question of interest represents the norm in methodological research of this type (26 -32) . The notable exception was an evaluation of the average shelf life of clinical practice guidelines (7) . By choosing a few guidelines (17 in total) produced by a single agency, the investigators were able to ask the authors of the original guidelines to assess changes in evidence. Using such an approach was not feasible for our analysis of a much larger sample of 100 systematic reviews. However, we chose quantitative signals of changes in evidence that few would question as important and used explicit criteria for comparing the language of new findings with those of the original review. Moreover, we used expert sources, such as editorials and textbooks, to confirm our assessments wherever possible. It is also important to note that our judgments concerned signals of the need to update previous systematic reviews, not definitive judgments about actual changes in evidence. If a previous review concluded that a treatment was effective and a trial in a high-impact journal concluded that the treatment had no benefit, we would count the new result as a signal for updating. We regard such a signal as reasonable for 2 reasons. First, a formal update that incorporated the new evidence might in fact yield conclusions that differ substantially from those of the previous review. Second, even if a formal update would not change the conclusions, the publication of a new trial in a high-impact journal would raise important questions for clinicians about the previous review. In fact, they might preferentially act on the trial's conclusions precisely because it appeared in a high-impact journal. Thus, it would be important to reassert the findings of the original review in an update that explicitly addressed the new evidence.
Ideally, readily discernible features of systematic reviews would indicate whether major changes in evidence were likely to appear within short time frames. Although several features statistically significantly predicted survival, no features adequately distinguished reviews that would require updating within 2 years from those that would not. Our modest sample size of 100 reviews limited our ability to test predictors of survival. However, it is unlikely that we would miss associations of the magnitude required to identify reviews that will probably require updating within short time frames with useful positive and negative predictive values.
Our results have important implications for those who produce, publish, and use systematic reviews. Publishers probably cannot reduce the time for the peer review and publication processes for systematic reviews beyond the benchmarks already attempted for submissions of all types. The immediate decrease in survival at time zero reflects the 7 systematic reviews for which signals for updating had already occurred at the time of publication. The low number of reviews at risk after 10 years reflects the fact that the sample spanned 1995 to 2005 and censoring occurred on 1 September 2006. Thus, only reviews published before September 1996 and having no signals for updating could have more than 10 years of observation. However, authors might consider submitting their work to the journals that are most likely to accept a given review to avoid delays because of multiple iterations of the peer review process. When the process of submission and rejection from other journals has resulted in the passage of more than 1 year from the date of the previous search, authors should update the search before resubmission, as we found that only 4% of reviews had signals for updating within 1 year of the previous search date. In fact, journals might consider requiring that authors update searches more than 1 year old before submitting systematic reviews. Finally, users of systematic reviews need to recognize that changes in evidence relevant to clinical decision making can occur within relatively short time frames. Once the search date is older than even 1 year, users should check for more recent trials on the same topic to see whether new evidence has altered the findings of a given systematic review. In some cases, such changes will already have occurred at the time of publication.
